abnormal physical signs. The salient biochemical features appear in Table I , with the results of radiology and marrow biopsy. The urine contained granular casts and its specific gravity did not exceed 1010 after water deprivation for 14 hours. From these findings a diagnosis of the Fanconi syndrome was made; although osteomalacia was not shown radiologically and bone biopsy was not performed, the low serum phosphorus and raised alkaline phosphatase were suggestive of bone disease. A blood count and E.S.R. were normal.
Renal biopsy (Fig. la) showed gross swelling of the Received for publication 9 August 1966 42 tubular cells which were packed with droplets and contained occasional birefringent crystals. Several glomeruli were completely hyalinized; there was marked periglomerular fibrosis and heavy interstitial infiltration, mainly by lymphocytes.
The patient has bxen maintained on sodium bicarbon- Immunoelectrophoresis (Fig. 3 ) of the concentrated urine protein against antisera to the two immunoglobulin light chains showed in both cases an excess of K-chain over A-chain as compared with normal serum and with urine protein from another case of the Fanconi syndrome. The K-chain in case 2 was of faster mobility than that in case 1; both precipitation arcs were characteristic of type K Bence Jones protein, of which an example from a case of classical multiple myeloma is shown in Fig. 3 for comparison.
Gel filtration (Fig. 4) of the concentrated urine protein from both patients, with Ouchterlony analysis of the fractions, revealed no myeloma globulins; most of the proteins, including the excess K-chains, were smaller in molecular size than albumin. Similar examination of the sera confirmed the presence of small amounts of K-chains of the same molecular size, giving reactions of identity with the corresponding urinary proteins.
Estimation of K-chain urine/serum ratios gave clearances 14 % that of creatinine in case 1, and 40% that of creatinine in case 2. Since from the electrophoretic data the urine concentrations of the abnormal components were known, if these represented K-chain concentrations then from the urine/serum ratios the serum K-chain levels could be estimated; the figures were 0-02 g./100 ml. in case 1 and 0 004 g./100 ml. in case 2. (Butler and Flynn, 1958) and on gel filtration (Harrison and Northam, 1966) were typical of the proteinuria of renal tubular disorders, especially the Fanconi syndrome. They may therefore be assumed to have been excreted as a consequence of renal tubular disease.
DISCUSSION
The abnormal y components on the other hand were electrophoretically suggestive of myeloma globulins or Bence Jones protein and untypical of the proteinuria of renal tubular disease. Although no myeloma globulins were detected both patients were excreting much more immunoglobulin K-chain than A-chain. The K chains' electrophoretic mobilities accorded with those of the respective abnormal bands on paper electrophoresis. Their molecular sizes and renal clearances were the same as those of Bence Jones proteins and since there is no evidence that the renal clearances of the K-and A-chains are greatly different (Harrison et al., 1966 ) the urinary preponderance of the K-chain must have represented a similar preponderance in the sera, although the serum K-chain levels were too low for abnormal bands to appear on paper electrophoresis. (In case 2 this was confirmed by direct estimation of the serum levels of the K-and A-chain by a haemagglutination inhibition technique; Burdon, personal communication).
All immunoglobulins, including light-chain proteins, in normal serum and urine and in proteinuria, whether due to glomerular or tubular disease, contain type K and type L components in not greatly dissimilar proportions (Fahey and Solomon, 1963; Stevenson, 1962; Takatsuki and Osserman, 1964; Harrison, 1966) . In a given case of multiple myeloma or macroglobulinaemia on the other hand the abnormal proteins belong invariably either to type K or type L (Mannik and Kunkel, 1962; Fahey and Solomon, 1963) ; this fact has been regarded as consistent with, and indicative of, the formation of the abnormal proteins by single clones of cells. The evidence therefore is that each of the present patients had monoclonal light-chain proteinaemia with consequent light-chain (Bence Jones) proteinuria. Although neither patient displayed clinical features typical of multiple myeloma, it is known that constant serum levels of myeloma globulin may persist for many years without other evidence of disease. Often in such cases there is later transition tomultiple myeloma (Osserman, 1958) but Waldenstr6m (1944, 1964) has recognized a distinct condition in which no such transition occurs, and has used the term 'benign essential monoclonal hyperglobulinaemia' to describe it. The existence of an analagous 'benign essential Bence Jones proteinuria', of which the two present cases may be examples, seems plausible but has not until now been described.
The two patients' Fanconi syndrome may have been the result or the cause of the monoclonal protein abnormality, or may have been independent of it. In this connexion it is instructive to examine the features of the six reported cases of the adult Fanconi syndrome accompanying multiple myeloma, which are summarized in Table II. The Table in cludes a further case (Short and Smith, 1959) which the authors discuss in the context of the Fanconi syndrome and in which damage to the proximal convoluted tubules was anatomically demonstrated. Neither this case nor that of Costanza and Smoller (1963) strictly merit the description 'Fanconi syndrome' because they were azotaemic, normophosphataemic, and lacked evidence of osteomalacia. In the other five cases symptoms had preceded diagnosis by at least three years; only one patient had radiological evidence of multiple myeloma and this was terminal; in three no abnormal serum protein was demonstrated and in a fourththe abnormal serum protein behaved as a macroglobulin in the ultracentrifuge. Thus the complete Fanconi syndrome has never presented as a complication of radiologically classical multiple myeloma and has been consistently associated with a relatively benign course of the myeloproliferative disorder. Also, in all the cases in which it was looked for, Bence Jones protein was found. The two present cases therefore fit this general picture well, and to this extent it is reasonable to suppose that their renal lesions were secondary to their production of immunoglobulin light chains.
The situation contrasts with the frequent asso-
group.bmj.com on July 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from ciation between classical multiple myeloma and azotaemic renal failure. In these circumstances the histological picture of renal damage is variable (Greenwald, Bronfin, and Auerbach, 1953; Ruffie, Bouissou, Fournie, Suc, and Putois, 1963) : glomerular filtration is usually impaired at least as severely as tubular reabsorption (Armstrong, 1950; Goldman, Adams, and Luchsinger, 1952) and there is electron microscopic evidence of glomerular as well as tubular damage (Fisher, Perez-Stable, and Zawadski, 1964 ). The precise cause of renal damage in multiple myeloma is not understood but probably differs in different cases, and obstruction by protein casts and toxic damage to the tubule cells are two likely mechanisms. The two present cases, and the cases quoted above from the literature, suggest that possibly the Fanconi syndrome may arise from longcontinued damage to the tubules by some metabolite in relatively low dosage. The abnormal K-chains (Bence Jones proteins) themselves may act in this way, but at present this remains unproved. The association between the Fanconi syndrome and Wilson's disease (Lavelle, 1964; Dent and Stowers, 1965) 
